Background: Brick manufacturing industry is one of the oldest and fast-growing industries
Introduction
T he past few years have witnessed a growing awareness throughout the world regarding various occupational health problems. 1 The brick manufacturing industry is one of the oldest and the most rapidly growing industries in India so much so that India has been ranked just behind China as the second largest producer of bricks in the world. 2 This is attributed to the ever-rising demand for bricks in construction works for continued rural and urban expansions. 3 As per a recent re-port by World Bank, more than 100 000 brick kilns are currently functional in Bangladesh, India, and Nepal; these brick kilns have emerged as the topmost sources of air pollution in these countries. 4 The Indian brick industry is a labor intensive industry that employs more than 10 million migratory workers. 5 Nonetheless, this sector is not regulated by any specific statutory guidelines regarding the designing of kilns, type of fuels to be used, workplace safety measures, etc. 6 Consequently, a majority of the brick kilns are poorly designed and use a variety of combustible materials as fuels, eg, wood, coal, diesel, petrol, cow dung cakes, plastics, old tires, recyclable motor oils, etc. 7 This leads to the emission of a gamut of toxic gases in large amounts from the furnaces of the kilns, eg, oxides of sulfur (SO x ) and nitrogen (NO x ), fluoride compounds, hydrogen sulfide (H 2 S), carbon monoxide (CO), carbon dioxide (CO 2 ), suspended particulate matters (SPM) and various amounts of carcinogenic dioxins. 8 The brick kiln workers are engaged in mainly three types of tasks-carriage (transport of clay dust and bricks), molding (shaping of wet clay into bricks), and baking (burning of molded bricks in furnaces). Exposure to the aforementioned pollutants can occur during any of these activities. 9 It has been documented that chronic inhalation of these pollutants can induce inflammation and release of toxic oxide radicals, leading to local lung tissue injury and pulmonary distress. 10 Therefore, brick kiln workers are occupationally at a high risk of developing various respiratory disorders like bronchitis, emphysema, asthma, and decreased lung function. 11 Hitherto, to the best of our knowledge, only a few research studies have been conducted to assess the respiratory health status of brick kiln workers in India and other developing countries. We therefore, conducted the present study to determine the extent of occupationally induced respiratory morbidity in workers engaged in brick manufacturing units of Punjab, India.
Materials and Methods
The present cross-sectional study was conducted from 2010 to 2012 in various brick manufacturing units in Patiala district, Punjab, India. Informed consent was taken from all participants after thoroughly explaining the purpose of the study for them. The procedures followed the ethical standards of the institutional committee on human experimentation.
Study Population
The present study comprised of nonsmoking males, aged 18-35 years, who were sourced from 12 randomly selected brick manufacturing units in Patiala district. The participants were selected using convenience sampling method for lack of data on the exact number of registered brick kilns and their employees. Out of the initial 140 volunteers, 30 were subsequently excluded as per the exclusion criteria; the remaining 110 workers underwent lung function tests. The results of spirometry of this group were compared with an age-matched comparison group of 90 males, who were selected at random from the lower support staff of the institute and its attached hospital. The workers were examined at the worksite itself while the comparison group members were examined in the physiology laboratory of the institute. Both the brick kiln workers and controls were examined in small batches from 11:00 to 13:00 on all days, except weekends and holidays.
Inclusion and Exclusion criteria
In both groups, all the available non-smoking and apparently healthy volunteers aged 18-35 years were included. Due care was also taken to include only those par-
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For more information on lung function among Greek cotton industry workers see http://www.theijoem. com/ijoem/index.php/ ijoem/article/view/888 a r t i c l e a r t i c l e ticipants who had completed a minimum schooling of upto primary level, to ensure better understanding of study procedure and questionnaire. However, we excluded those who were absolutely illiterate; gave a history of wheezing, smoking, tobacco chewing, alcohol abuse, cardiac and/or respiratory illness, and any systemic illness (eg, diabetes mellitus, hypertension, thyroid disorders, etc); those with any visible musculoskeletal deformity/injury of chest wall; or any evidence of use of medications that could affect the outcome of the study, eg, anti-asthmatics, anti-depressants, etc.
Workplace Environment of the Study Participants
Brick kiln workers worked around eight hours a day. An assessment of the ambient air quality of the brick kilns was carried out using a portable air monitoring apparatus (Lamotte, USA). The data was compared with the maximum annual permissible limit of various air pollutants in industrial areas, proposed by Central Pollution Control Board (CPCB), Government of India (Table 1) . 12 The comparison group worked from 9:00 to 15:00 in relatively pollution-free environment, unlike the brick workers. It was also ensured that there was no visible source of indoor air pollution in the workplace of the comparison group.
Preliminary Health Assessment of Participants
The data on the health status of all participants were collected using a slightly modified Respiratory Medical Evaluation Questionnaire. 13 It was translated to local language, for easy communication, and then back-translated upon completion to validate the outcomes. This was followed by a thorough general physical examination of the participants, with special focus on thoracic region, as per the guidelines of the American Thoracic Society.
14 Age to the nearest completed year, standing height without shoes (in cm), and body weight with minimal clothing (in kg) were measured for all participants.
Spirometry
Spirometry was done according to the standardized procedure mentioned else- None of the between-group differences was significant.
Spirometry in Brick Kiln Workers
where, 15,16 using a portable digital spirometer (Medspiror, Recorders and Medicare Systems Pvt Ltd, Chandigarh, India). The procedure was thoroughly explained and demonstrated to all participants, beforehand. The test was done in standing position. The subjects were required to perform a maximal inspiration and then blow as rapidly and forcefully as possible into the mouthpiece. The test was repeated thrice for every subject and the best of the three efforts was considered for final analysis. The mouthpieces were sterilized before each use. Various lung function parameters analyzed were forced expiratory volume in 1 second (FEV 1 ), forced vital capacity (FVC), forced mid-expiratory flow rate (FEF 25-75% ), and peak expiratory flow rate (PEFR).
Statistical Analysis
The data was analyzed using SPSS ver 20 (SPSS Inc, Chicago, IL, USA). All the values were expressed in mean and SD. Student's t test for independent samples was used to assess the difference in the means of brick kiln workers and the comparison group. A p value <0.05 was considered statistically significant. Odds ratio (OR) analysis was performed to determine whether the outcomes of respiratory disturbances of brick kiln workers differed significantly from those of the comparison group. Common respiratory symptoms, ie, frequent coughing, shortness of breath, irritation in respiratory tract, chronic phlegm, and chest tightness were considered for OR analysis.
Results
The present study was conducted on a total of 200 male participants (110 brick kiln workers and 90 unexposed workers), aged 18-35 years. The mean working hours of brick kiln workers were 8.2 (SD 2.0) hours per day. They were not using any personal protective equipment during work hours to shield themselves from ambient air pollution.
The internal consistency of the questionnaire was assessed (Cronbach's α 0.81-0.88). To ensure reliability of the data, the test-retest agreement of the responses to the questionnaire was assessed in 10% of the subjects (κ 0.85).
The measured levels of various air pollutants were much higher in the ambient air of brick kilns compared to their corresponding maximal permissible limits proposed by CPCB (Table 1) . 12 The studied groups were comparable in terms of their anthropometric characteristics (Table 2) . A majority of the brick kiln workers had <8 years of exposure to workplace pollutants. FEV 1 , FVC, FEF 25-75% , and PEFR were significantly (p<0.01) lower in brick kiln workers as compared to the comparison group (Table  3 ). All the studied respiratory symptoms were significantly (p<0.05) more prevalent among brick kiln workers than the comparison group (Table 4) . The means of studied parameters are significantly (p<0.01) different between the two groups.
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An increase in the duration of exposure was associated with a concurrent decline in the respiratory parameters in brick kiln workers (Fig 1) . The respiratory health of brick kiln workers with <8 years of exposure was significantly better (p<0.05) than their counterparts with >8 years of exposure.
Discussion
The results of the present study clearly established a decline in the respiratory function of brick kiln workers. Similar observations have been reported in brick kiln workers by several other authors from around the world. [17] [18] [19] In conformity with our study, Sheta, et al, observed a significant decline in FEV 1 , FVC, and FEF 25-75% of Egyptian brick kiln workers. 20 It was also observed that brick kiln workers reported a significantly higher frequency of chronic respiratory problems such as chronic cough, dyspnoea, chest wheeze, etc, than controls.
In a 6-year follow-up study conducted in Iran, a significant yearly gradual decline was reported in FEV 1 , FVC, FEF 75% , and FEF 25-75% among firebrick workers. 21 Das also reported a significant reduction in FEV 1 , FVC, FEV 1 /FVC, and PEFR among the brick kiln workers from West Bengal, India, as compared with their age-and sex-matched healthy counterparts. 22 Shaikh, et al, reported that the Pakistani brick kiln workers had a higher incidence of respiratory symptoms vis-avis the normal population. 23 They noted that 22.4% of workers had chronic cough, 21.2% had chronic phlegm, 13.8% had two or more attacks of dyspnea with wheezing, 17.1% were suffering from chronic bronchitis while 8.2% were asthmatics. Our study was in complete agreement with the observations made by all the above-said authors.
There is ample evidence in literature that corroborates the harmful effect of air pollutants on the health in general, and on lungs in particular. 24, 25 Our assessment of
TAKE-HOME MESSAGE
• Brick manufacturing workers constitute a significant section of population who are continuously exposed occupationally to high levels of dust and toxic fumes at their workplace.
• These workers were found to have both obstructive as well as restrictive patterns of pulmonary dysfunction. Therefore, there is an urgent need of taking a slew of corrective measures to ensure optimum workplace environment for these workers.
• Interventions should mainly focus on proper workplace ventilation and use of personal protective equipment by this workforce. the ambient air quality of brick kilns indicated that the measured levels of NO x , SO x , SPM, etc, were much higher than the CPCB set standard limits. Because these gases are highly hygroscopic, they produce mists in workplace that are notorious for inducing intense inflammation of airways resulting in excessive mucus production, bronchoconstriction, and lung function deterioration, if inhaled for long periods. 26 The decline in the spirometric parameters, as well as the high incidence of respiratory symptoms reported by our brick kiln workers may thus be attributed to these pollutants. Because both the brick kiln workers and the unexposed participants were comparable in terms of their anthropometric parameters, we assumed that the observed alterations of respiratory parameters were neither attributed to malnutrition, nor due to the age of the workers. We could not identify any significant secondary risk factors that could seriously affect the respiratory system of the studied workers. In fact, apart from the work stress, no other factor was noted that could influence their lung function in any ways.
In the present study, both obstructive and restrictive patterns of respiratory impairments were diagnosed in brick kiln workers. These findings indicated the warning symptoms of impending asthma and other respiratory illnesses like interstitial lung disease, pulmonary fibrosis, etc, in these workers. Urgent intervention of concerned officials is therefore required to safeguard the pulmonary health of these workers.
Our study had certain limitations. One of the main limitations was the lack of a credible information source regarding the workplace environment and the exact number of kilns in Punjab and their employees. Therefore, an accurate estimation of the sample size was not possible and thus a convenience sampling method was adopted. Secondly, the ambient air quality varies among different brick kilns, mainly owing to the differences in the fuels being used by them. This could have caused variation in the study results. Thirdly, chest roentgenography of the brick kiln workers could not be taken due to financial constraints. Had chest x-rays been taken, they would have further substantiated the spirometric findings.
The evidence generated by this study needs to be further strengthened by conducting similar studies on a larger scale. Besides respiratory problems, other health hazards, such as work-related injuries, effect of heat stress, and musculoskeletal problems faced by brick kiln workers, should also be meticulously explored.
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